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I NTRODUCTION 
One of the standard biolog ical techniques for the 
study of the functi on of an organ, structure or system is 
to remove it from the organism with as little incidental 
damag e as possible and then to observe the effects of the 
ablation . In the case of the peripheral nerves, mechanical 
removal is impossible without causing extensive injury. 
However, if the nerve processes are cut off fr om their cells 
of orig in, they will atro phy and be removed by the phag ocytic 
cells of the organism. Therefore, when it is desired to 
study the function of a particular nerve or group of nerves, 
this is one of the methods chosen. 
For 1nany years t here has been much speculation 
concerning the role of the peripheral nerves, particularly 
t he perivascular nerve plexus, i n the control of the small 
blood vessels. Recognition of the fundamental relationship 
betwe en the functional state of the smaller blood vessels 
and such patholog ical conditions as hypertension, frostbite 
and imlnersion foot has quickened interest in this phase of 
circulatory physiology. In the past, investigators were 
hampered by the fact t ha t t heir observations were, perforce, 
made in dense tissues where the blood vessels were obscured, 
or, if they studied thin membranes such as exteriorized 
mesenteries, the normal physiolog ical state was destroyed . 
The retrolingual membrane of t h e frog tongue offers 
a site of observation which can be exposed with relatively 
little disturbance of i ts physiological state and which can 
be easily studied under the microscope. Originally , Richard 
Thoma utilized this preparation in 1873 for the study of 
l eucocytic migration ( Pratt an d Re id, 1930). Subse quently, 
a numbe r of researches were done on the sing le skeletal 
muscle fibers of the membrane culminating in t he work of 
Pratt and Reid (1930 et ~.). In the early thirties, Lutz 
recognized the value of the preparation for small blood 
vessel r esearch, and he and his g roup (1940-1942) made many 
micromanipulative observations of the blood vessels of the 
normal and drug-treated retrolingual membranes. 
The present investigation is ~n extension of that 
work, us ing ano t her approach, namely the degeneration of the 
periva scular nerve plexus, to study t he mechanism of the 
local control of the smalle r peripheral blood v e s s els. A 
search of the literatu re discloses t ha t t his is the first 
i nvestigation in which the physiological and morphological 
phenomena resulting from the degeneration of the perivascular 
ne rve net have been correla ted at t he microscopic level. 
Vfhile t he Cannon g roup and others have pe rforrned many denerva-
tions, most of t heir experimental work was d one before 
de g eneration could occur and sometime s the complete nerve 
supply was not sectioned. Furt h ermore, they did not obtain 
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histological proof that their denervations were complete. 
In this paper "denervation" is used to denote a chronic 
process wh ich implies degeneration of the nerves, as oppos ed 
to acute de-afferentation, in which the peripheral nerves 
are still intact although separated physiologically from the 
central nervous system. Great care was taken to insure 
complete denervation in this work, and histological preparations 
were used to ascertain the extent of degeneration of the 
nerves. By-products of t his work were additional observations 
on the mode of degeneration of unmyelinated fibers and s mooth 
muscle cells. The work was carried out under o p timum con-
ditions , there being available experienced counse lors in the 
persons of Dr. Lutz and Dr . Fulton, and much specialized 
apparatus developed by the m. 
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HISTORICAL REVI EW 
EARLY OBSERVATIONS I N SMALL BLOOD VESSELS 
Acc ording to Stegemann's (1927) review, investigators 
of the first half of the nineteenth century had observed di-
lation and contraction of the capillary bed. Bichet (1818) 
had even observed that blood was circulating in only a part 
of the capillary bed at any one time. These workers were 
seriously handicapped because they, naturally enough, did 
not distinguish between arterioles and capillaries. Some 
work of Lister's published in 1858 (Hooker 1920) showed that 
by that date the distinction between arteriole and capillary 
had been made. Stricker (1865), Golubew (1869), Tarchanoff 
(1874), Steinach and Kahn (1903) and Kahn and Pollak (1931) 
observed active capillary contraction in the excised nicti-
tating membrane of the frog. Both Golubew and Tarchanoff 
reported active spindle elements on the capillary which 
shortened and thickened causing narrowing of t;he lumen. 
A nwnber of workers derived evidence for capillary 
contractility indirectly by manipulating the blood pressure 
while keeping the tissue intact. Roy and Brown (1880) found 
that extracapillary pressure caused little decrease in 
capillary size until the pressure was high enough to collapse 
the capillary. Reduction of the blood pressure to zero, 
on the other hand, did not cause the capillaries to contract. 
Hooker (1920) stimulated the cat cervical sympathetic and 
observed the eat's ear when it was held at a level below 
the heart. He believed that since the blood was forced 
out against the venous hydrostatic pressure the capillaries 
were contracting actively. Krogh, Harrop and Rehberg (1922) 
found that although they could alter capillary diameter 
by sympathetic stimulation, this was independent of the 
arteriolar blood pressure. Harris and Marvin (1927) stimulated 
the rabbit cervical sympathetic after tying off the blood 
supply to the ear and caused the capillaries to disappear. 
Obviously excised tissues or tissues with no 
blood supply are not in a normal physiological state and 
for this reason all of the work above is open to serious 
question. 
As early as 1873 Charles Rouget (1874) had been 
making observations on living intact membranes, the tailfins 
of tadpoles. He ob~erved contractions of pericapillary cells. 
In 1879 Rouget reported seeing the pericapillary cells in the 
mesenteries of embryonic mammals. Vimtrup (1922) confirmed 
Rouget's observations in 1922 as did Field in 1935 (micro-
mffi~ipulative study). Clark and Clark (1925), Bensley and 
Vimtrup (1928), Ni (1922), Zweifach (1934) (micromanipulative 
study), Michels ( 1936) and F'erguson ( 1937) (micromanipula ti ve 
study) all observed constriction in the frog mesentery or 
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web capillaries and attributed it to contractility of the en-
dothelium. There also exist many reports of capillary 
contractility in the Mammalia; for instance, Tannenberg (1926) 
rabbit mesentery; Field (1935) rat mesentery; Rogers (1935) 
(micromanipulative study) cat mesentery; Ferguson (1937) 
(micromanipulative study) kitten mesentery; Zweifach and 
Kossmann (1937) (micromanipulative study) mouse mesentery; 
Sandison (1928), Beecher (1936), and Sanders, Ebert and Florey 
(1940) in transparent windows in the rabbit's ear. Clark and 
Clark (1940) did not observe active contraction in rabbit 
ear window preparations. By means of glass transillQminator 
rods, Hartman, Evans and WalKe r (1929) observed increased 
flow in the cat sartorius following administration of adrenalin 
and sympathetic stimulation. Wearn et al (1934) saw inter-
mittency in the cat lung, and Knisely (19 39) saw contractions 
at the ends of liver lobule sinusoids. 
In man the method of Lornbard (1912) whereby nailfold 
capillaries may be visualized through the microscope by 
placing a drop of oil on the skin and using strong reflected 
light has been utilized. This method is open to criticism 
because only the blood stream and not the vessel wall is 
visible. Using this method, Lennartz (1921) and Carrier 
(1922) observed constriction of the blood column. Heimberger 
(1926-1927) stimulated individual capillaries and reported 
seeing local constrictions. 
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Of all this work, the conclusion that the blood 
flow of capillaries was regulated by perivascular muscle 
elements on the arterioles is the most significant (Fulton 
and Lutz, 1942, Clark and Clark, 1940, Zweifach, 1940). 
ME CHANI SM OF CAPILL.li.RY CONTRACTION 
Four mechanisms have been suggested to explain 
how capillary contraction occurs. The first was that the 
endothelial cells and/or nuclei swell and narrow the internal 
diameter without altering the external diameter. The second 
was that the endothelium is itself contractile. The 
previously mentioned papers of Stricker (1865), Golubew 
(1869), Tarchanoff (1874), Clark and Clark (1925), Steinach 
and Kahn (1903), Kahn and Po llak (1931), Field (1935) and 
Beecher (1936) report such phenomena. Sanders, Ebert and 
Florey (1940) report swelling of the endothelial cell 
spontaneously and upon stimulation of the peripheral divided 
cervical sympathetic nerve. Federighi (1928) reported 
peristalsis-like contraction in Nereis which he considered 
a property of the endothelium. Clark and Clark (1925) 
also saw endothelial contraction in the tadpole tail. 
Zweifach (1934) and Nagel (1937) microprobed the capillary 
wall of the frog and tadpole, respectively, and observed a 
contractile response. Michels (1936) observed contraction 
of capillaries in the frog web but failed to obtain evidence 
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for contraction of pericapillary cells. Consequently, he 
thought the endothelium contracted as a result of its "inherent 
ameboid activity". 
In mammals, Zweifach and Kossmann (1937) and Rogers 
(1935) obtained only slight contraction of capillaries upon 
microprobing . Rogers (1935) stated that such contraction 
did not affect peripheral circulation. The Clarks (1940), 
using the t ransparent chamber in the rabbit ear, saw no 
capillary contraction, and they proposed (1935) that there 
may be an evolutionary loss of ability to contract correlated 
with the development of a functional smooth muscle layer 
on the arterioles. 
A number of authors, Vimtrup (1922), Krogh (1929) 
and Nagel (1937) have pointed out that the idea of some 
investigators that the swelling of the endothelium is a 
possible mechanism of contraction is untenable. It is 
physically impossible for imbibition and extraction of 
fluid to occur as rapidly as normal contraction or dilation. 
It is also difficult to explain how such reactions can be 
aroused by nerve stimulation. Zweifach 's tonofibrils (1937) 
or Michels' (1936) "inherent ameboid activity" do not explain 
the observed facts any better. It is obvious, then, that 
neither endothelial swelling nor endothelial contractility 
are the control mechanism of peripheral blood flow. 
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CONTRACTION OF PER ICAPILLARY CELLS 
Rouget's publications of 1873, 1874 and 1879 
contained the earliest descriptions of pe ricapillary cells. 
He described their function as well as their anatomy. In 
1902 Mayer extended Rouget 1 s work, describing transitional 
cells from the true smooth muscle of the arterioles to branched 
cells on the capillaries in the salamander urinary bladder 
and the hyaloid membrane in the frog. Krogh thought that 
contractile pericapillary cells could explain the contractions 
of capillaries. It was to test this hypothesis that Vimtrup 
undertook his investigation (1922). His work confirmed 
both Mayer and Rouget. In 1923 he made the same findings 
in the human. Further confirmation came from the work of 
Zimmerman (1923), Schaly (as reported by Krogh, 1929), 
Bensley and Vimtrup (1928), Kahn and Pollak (1931), F ield 
(1935) and Beecher (1936). Both Kahn and Pollak and Beecher 
report long itudinal folding of endothelial wall. The Clarks 
(1940) observed (through the rabbit ear window) fibroblasts 
which attached themselves to the outsides of capillaries 
and became transformed into smooth muscle cells. Parker (1923) 
mentioned that Retzius described Rouget cells on invertebrates. 
Federighi (1928) believed that the local contractions he 
obtained in the Nereis capillaries were due to Rouget cells. 
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A number of investigators have opposed the idea 
of contractile pericapillary cells. Marchand (1923), 
Aschoff (1924 ), Volterra (1925) and Benninghoff (1926), 
arguing from histological observations, considered the peri-
capillary cells to be merely adventitial cells. Nage l (1937) 
and Michels (1936) thought them to be fibrocytes. This 
has been countered by reference to Bensley and Vimtrup 
(1928) who claimed that there are a number of adventitial 
pericapillary cell types in addition to the Rouget cells. 
They claimed that by using janus green it was possible to 
s tain de licate fibri llae (myofibrils), similar to those 
found in smooth muscle, in the Rouget cells. Unfortunately, 
Benninghoff (1926 ), Rogers (1935) and Zweifach (1937), 
using the same stain , did not find these fibrils . Clark 
and Clark (1925 ) saw contraction of the capillaries in the 
tadpole tail before pericapillary cells had developed on 
their walls . Also, even when pericapillary cells were present, 
contraction occurred at points remote from such cells. 
Zweifach (1934) and Rogers (1935) observed that the endo-
thelium pulled away from the pericapillary cells dur ing 
contraction. Zweifach and Kossmann (1937) obtained no 
contra ction of pericapillary cells in the mouse mesentery, 
nor have the Clarks seen it in t he rabbit's ear (1940, 
1935, 1932). 
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SPHINCTER ACTIVITY OF THE CAPILLARY ORIGIN 
The fourth mechanism propose d to explain capillary 
contraction is that of sphincter-like contraction of the 
part of the capillary at the point where it branche s from 
the arteriole . Evidence to support t hi s view is found even 
in early writings. Go lubew (1869) noted that oblique and 
transverse spindles were often found at branchings of the 
capillaries and t hat it was at these points that the capillaries 
were most narrowed . Tarchanoff (1874) made the same observa-
tions . Rouget (1874) f ound t h at the pericapillary cells 
constricted the po ints of orig in to a greater degree than 
elsewhere. Endo (1935) constricted the arterioles as well 
as the capillary origins using drugs and electrical stimulations. 
Richards and Schmidt (1924), reasoning indirectly from 
previous observations of Schmidt that adrenalin produced a 
more profound constriction at the cap illary origin , believed 
that some such sphincter mechanism produced the intermittency 
they observed in the frog g lomerulus. He imberger (1926-1927) 
saw t he constriction in the blood column near the orig in 
of a nailfold cap illary. Although they could not see the 
wall s of the capillaries in the eat's lung, Wearn and his 
associates (1934) observed that flow stopped in some 
capillaries while t h e arteriolar flow continued. These 
capillaries seeme d to empty gradually. This brought the 
authors to the significant con clus ion that the capillary 
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origin was constricted sufficiently to prevent passage of 
corpuscles but not enoug h to prevent p l asma from passing 
through and forcing out those corpuscles already present 
in the capillary (plasma skimming). Bordley , Grow and 
Sherman (1938) used approximately the same line of reasoning 
to arrive at the same conclusion for human skin. Jacobj 
(1920) observed local ring-like contractions between the 
capillaries and the points where they branched from the 
terminal arteriole upon perfusion with adrenalin. Pfuhl 
(1934), observing circularly and long itudinally oriented 
nuclei at t h e beginnings of capillaries in the cat omentum, 
suggested that they belonged to smooth muscles and that they 
controlled the filling of t h e capillaries. Using intra 
vitam trypan blue, Tannenberg (1925) stained similarly 
placed cells in the rabbit mesentery and observed them as 
they occluded the lumen of the capillary while the flow 
continued in the arteriole. Knisely (1938) reported a 
sphincter at the efferent end of each frog liver sinus 
while his associate Bloch (1940) reported sphincters at 
the afferent end. 
Be caus e he could not obtain a response of the 
capillary origin by microprobing and be c ause the origin 
did not change in caliber during spontaneous changes in 
flow, Ferguson (1937) opposed t h e concept of the capillary 
sphincter. Contrary to this, Zweifach (1934) reported 
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that microprobing caused complete closure of a capillary 
at its venous end. Fulton and Lutz (1940, 1942) and Lutz 
(1942) using a specially developed ~icro-electrode in the 
frog (Fulton, 1941) reported a diphasic response of arteriole 
and capillary origin. Th e vessels dilated and then constricted 
upon brief weak faradic stimulation of the vasomotor nerves. 
They stated that there are modified smooth muscle cells at 
the capillary origins which act in a sphincter-like manner 
and that perivascular cells further out on the capillaries 
and the capillary endothelium did not react to faradic 
stimulation through the nerve or directly. 'l'hey have 
photographed these phenomena with a motion picture camera. 
Fulton, Jackson and Lutz (1947) in a cinephotomicrographic 
study of the blood vessels in the hamster cheek pouch; 
reported seeing two types of intermittency. One type was 
due to sphincter activity at the capillary origin and the 
other to differential pressures at the supply and drainage 
ends of the capillary . Lutz, Fulton and Akers (1950) repeated 
and extended the earlier work of F'ulton and Lutz and made 
exactly the same findings. There can no longer be any 
doubt that local control of the small blood vessels is 
mediated by the perivascular nerve network through the 
smooth muscle cells of the arteriole and vascular sphincter . 
I NNERVATION OF BLOOD VESSELS 
According to Busch (1929), Remak (1843) was the 
first to report unmyelinated nerve networks. His observa-
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tions were made on skeletal muscle, but Beale in a number 
of papers from 1862-1872 reported the same nervous structures 
in smooth muscles and on blood vessels. A number of other 
workers dur ing this period confirmed these findings, 
particularly Ehrlich (1886), using his then newly discovered 
method of methylene blue staining. 'l'hese men were all of 
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the opinion that the nerve nets they saw contained no ganglia. 
Othe r early investigators who were of the same opinion 
were Ranvier (1889), Berkley (1894), Cajal (1907) and Hoffmann 
(1907). Hoffmann went so far as to state that the cells 
which others such as Lehman (1864) and Leontowitsch (1906) 
considered to be ganglion cells were actually then uclei of 
sheath cells. His opinion is the one generally held today . 
Some investigators who saw unmyelinated nerve 
fibers did not see the network or, if they did, still 
believed that the actual nerve termination was a free ending. 
Amongst these were KBlliker (1863), Ke ssel (1868) , Klein 
(1872) and Cajal (1911). Cajal admitted the existence of 
the nerve network but claimed to have seen free nerve endings, 
the fibers of which left the nerve network. These findings 
have been criticized on the basis that t he y may have been 
made in incompletely stained preparations. Contrary to those 
who believed in the free endings of nerve fibers near blood 
vessels are those who believed that the nerve fibers actually 
entered the smooth muscle cells either into the sarcoplasm 
or actually are continuous with the smooth muscle cell 
nucleus. Some of the better known ·investigators who held 
this belief were His (1863), Bernheim (1892) and Retzius 
( 1908). 
The modern concepts of blood vessel innervation 
which have g rown out of this early work are exemplified in 
the work of Woollard (1926), Hill (1927) and Busch (1929). 
They all found sufficient nervous tissue to supply each 
smooth muscle cell individually. Both \i'woollard and Hill 
believed that they saw tiny pear-shaped side branches given 
off from the nerve plexus. Woollard believed that the nerve 
plexus is continuous from the largest to the smallest blood 
vessel. Busch investigated the frog, the guinea pig, the 
rabbit and man and found that the closed nervous network 
of Remak fibers was coramon to all species. He concluded 
that the origin of the nerve network was in the sympathetic 
system. Hill agreed with Boeke and StBhr that the nerve 
plexus gave rise to fibri ls which entered intracellularly 
in the smooth muscle cells. Boeke (l932a; l932b, 1940) in 
Bielshowsky stained preparations saw the neurofibrillae 
enter the cytoplasm of smooth muscle and there form what he 
called the uperiterminaln network. StBhr (1934, 1938) 
described an extremely dense "terminal reticulum" in contact 
with every cellular element of the vessel wall and which 
was continuous throughout all organs and tissues. Because 
he thought that in the case of smooth muscle cells the "ter-
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minal reticulum" was in pro top lasmic con tinuity with the 
sarcop lasm, Stl:3hr belie ved that his "terminal reticulum" 
was the same as Boeke 's pe riterminal network. This gave 
rise to one of t he c e l ebrated controversies in t he fie ld of 
v ascul ar nervation. Bo eke claimed t ha t t here was a difference 
i n that his periterminal n e t work was i n tracellular. Nonidez 
(1936, l937a, l937b, 1939 ) settled this p roblem conclus i ve ly. 
He used a specific nerve staining method (reduced s ilver 
nitrate me thod of Cajal) and found that he cou ld not stain 
t h e 1tterminal reticulum". Howe v er, u sing the silver carbonate 
connective tissue stain, he was able to stain the "terminal 
reticulum11 and found it to be continuous with connective 
tissue fibers . In 1937 Cl ark used the s ilver pyridine 
method and was also unable to stain the "terminal ret iculum". 
As regards the presence of ganglion cells, Bus ch 's 
st atement of 1929 that gangl ion cells are absent in the 
periphery and may be pres ent i n the viscera probably s till 
holds good. Leontowi t sch (1930) found ganglion c e lls i n 
the nerve p l exus of the frog's palate if he added thiopyronin 
to the me thylene blue. Woollard ( 1 926) , Hinsey ( l9ffi ) , Busch 
(1929), StBhr (1938), Boeke (1940) and Fulton and Lutz (1942 ) 
found no ganglia on t he peripheral blood ve s sels. 
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DEGENERATIVE NERVB STUDI S 
Unfortunately there are only six p apers in the 
literature of vascular innervation in which combined degen-
erative and histological studies are reported. Although 
Cannon and h is school have performed many denervations, no 
one of that school has done any histological work which is 
of significance in vascular physiology. Re cent work in 
which denervat ion was performed usually was done for other 
purposes such as the determination of supersensitivity of 
effector organs. 
Tuckett (1895-1896) was the first to publish a 
degenerative study in which he had taken the trouble to 
include an histological investigation. He cut the branches 
of the superior c ervical g anglion in the ox and the rabbit 
and reported that histological and phys iolog ical changes 
began within twenty-four hours of dene rvation. By forty 
hours, irritability and conductivity of the peripheral 
stump had been lost and t h e Remak fibers were degenerating. 
He believed that the Remak fiber had a sheath with a nucleus 
and that during the process of degeneration the core of the 
fiber separated from the sheath and degenerated. h e based 
his opinion on the following histolog ical grounds: (l) that 
in cross section the core was seen to be separate from the 
sheath; (2) the core appeared to make a groove in the nucleus 
when seen in cross section; (3) the internal and external 
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parts of the fiber had different staining character istics; 
and (4) the nuclei and sheath remained after the core 
degenerated. Tuckett also believed that the core of the 
Remak fiber was homogenous and warned that the fibrillae 
seen by other investigators were artifacts due either to the 
staining technique or the use of material which was not fresh. 
Probably what Tuckett refers to as "core" is the axis cylinder. 
Tuckett also made the point t hat he did not think that the 
sheath of the Remak fiber was identical with the sheath of 
Schwann because there was no myelin in it . This seems to be 
contrary to current usage. 
In 1906 Lapinsky investigated the effects of dener-
vation in the hind paw of the dog. Initially he observed 
an increase in blood flow and a widening of the vessels 
following denervat ion . On t he larg e arteries the muscle 
(he did not call it smooth muscle) separated into individual 
cells, and the cells and tbe nuclei swelled up and disinte-
grated. From one of the figures published with the article 
it is quite certain that he wa s dealing with smooth muscle 
cells. He was not able to find smooth muscle cells or even 
their nuclei on the smaller arteries. He hypothesized that 
the increased blood pressure broke up these cells. He 
described the arteries as losing tonus and as being con-
siderably more fragile than normal. He also claimed that 
regeneration began in six to eight months following nerve 
section. 
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Eugling (1908) publi shed a somewhat more extensive 
study in which he investigated the rabbit ear and the frog 
mesentery . Fifteen to sixteen days after denervation he 
found isolated ~ieces of nerve fibers in the rabbit ear 
especially as processes of nuclei. The conn.ecting portions 
of the nervous network had completely degenerated, and Eugling 
stated that what he saw could not have been the result of 
incomplete staining. Since the nerve network had degenerated, 
Eugling reasoned that these spindle-shaped nuclei with their 
processes could not have been peripheral g anglia. In this 
reasoning Eugling was correct for Speidel (1933) found that 
unmyel inated nerve fibers disconnected from their cell bodies 
will degenerate. S ince the fibers which are in intimate 
contact with these nuclei did degenerate, it is obvious that 
t hese nuclei could not be nerve cells or ganglia . Despite 
Tuckett 1 s warning , Eugling believed that ·!Jhe nerve network 
rather than being a true network was composed of a braid 
work (Ne rvengeflecht) of fibrillae. He claimed that he h ad 
seen fibers go past the nuclei without entering them. Of 
course it must be inferred from Tucke tt's work that the "coren 
does not enter the nuclei. It is possible that Bugling's 
material did contain the artifacts of which Tuckett spoke. 
Eugling found that once the nerve network h ad degenerated, 
stimulation of the blood vessel resulted in contraction of 
only that part of the vessel under the electrodes. 
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The effects of cutting the frog sciatic nerve and 
the nervus descendens communis were studied by Langley in 
1909. He found that degeneration began by fourteen days 
and that the nerves had disappeared in forty-two days. He 
believed that the axis cylinder lost its function within 
a short time through the whole length of the nerve fiber. 
In his own words , nThe death of the axis cylinder, I take 
it, occurs at approximately the same time throughout the 
nerve fiber." 
In 1926 Woollard extirpated t he sympathetic ganglia 
supplying the hind limbs of the cat. He found no evidence 
for peripheral ganglia or any other 11 neural mechanism which 
survived proximal denervation11 • He claimed to have seen tiny 
side branches arising from the intact perivascular nerve 
network which ended pericellularly in a little swelling. 
He also described the large branching spindle-shaped cells 
which persist after the degeneration of the nerve network. 
He believed that in the intact preparation the nerve network 
and these cells are entwined. 
In 1929 Busch published the results of his extensive 
reinvestigation of the problem of the i~Dervation of the blood 
vessels in the frog, the guinea pig , the rabbit and man. He 
found no real histological differences among these species. 
In general he stated that blood vessels whose sympathetic 
nerves have degenerated do not completely regain their tone 
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but remain dilated up to ninety days following denervation. 
The temperature of the operated side was always higher than 
that of the normal side. He found that the perivascular 
plexus was sympathetic in nature. He stated that peripheral 
sympathetic (autonomic) ganglion cells are found only in the 
viscera and never in the extremities. Busch also obtained 
only a local contraction when stimulating vessels whose 
nerve plexus had degenerated. It is interesting to note that 
although Busch decries the fact that previous investigators 
of the combined histolog ical and physiological studies had 
not checked their methylene blue staining technique against 
an impregnation method he himself does not give any evidence 
of having done so. 
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THE PRESENT INVBSTIGATION 
"Even if one cannot hope definitely to clear up 
these problems, at which so many and such prominent workers 
have laboured it would seem a sufficiently great thing 
to contribute even ever so unpretentious a share to the 
elucidation of these fundamental questions." 
MATERIALS AND IViETHODS 
E. Busch 
1929 
The transilluminated retrolingual membranes of the 
tongues of living frogs (Rana pipiens) which had been 
denervated were observed through the microscope at various 
magnifications. By means of a light - splitting prism it was 
possible to record observations with a motion picture camera, 
concurrently with direct visual study (Figure 1) . 
Denervation was accomplished by cutting the main 
glossopharyngeal and hypoglossal nerve trunk s with the frog 
under urethane anesthesia (Figure 2). Urethane (20 per cent 
weight/volume solution) was administered intraperitoneally 
in doses of . 7 centimeters for a f or t y-five gram frog to .55 
centimeters to a thirty gram frog. In most cases at least 
one centimeter of the nerve was removed . The glossopharyngeals 
were exposed by making a small slit in the buccal mucosa 
directly above the nerve trunks where they accompany the right 
and left lingual arter i es and veins and about one centimeter 
from the jaw. The nerves were separated from the blood vessels 
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and then pulled through the slit in the mucosa as far as 
possible before being cut (Figure 3). The hypoglossals were 
exposed by cutting throug h the skin of the lower jaw and 
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passing the forceps through the intermandibular muscle on the 
right and left sides. The nerves are embedded just lh~der the 
sheaths of the mylohyoid muscles from which they were separated 
and then pulled out as far as possible before cutting (Figure 4). 
The combination of cutting out a centimeter of the 
nerve plus the injury due to the stretching of the nerve 
pre vious to cutting, seemed to prevent regeneration in almost 
all cases. Only a very few frogs showed the beginning of 
outgrowths of the central stumps of the severed nerves as 
compared with the large numbers which were denervated. Only 
one neuroma was observed in over one hundred animals. There 
can be very little doubt that the retrolingual membranes 
were truly deprived of t he ir innervation. This is borne out 
by the negligible number of membranes which showed the presence 
of functional nerve fibers when tested physiologically. 
In six frogs only one trunk of each of the two 
glossopharyngeal and hypoglossal nerves was sectioned. The 
subsequent trea tment of t hese animals was the same as the others. 
Following the denervation, the animals were placed 
in individual p int Mason jars with three or four mesh galvanized 
wire tops. A small quantity of ~Dbuffered Ringer 's solution was 
added to each jar and the jar t il ted to keep the animals' nostrils 
above the surface of the solution. Ordinari ly the animals 
came out of the anesthetic within an hour or two but remained 
quite lethargic f or twenty-four to forty-eight hours. The 
Ringer's solution was changed daily for five days, after 
which tap water was substituted and changed three times a 
week at feeding time. Animals were maintained at room 
temperature and fed one gram of hog liver three times a week. 
A special device was developed in order to feed frogs rapidly 
and without danger of injuring them. 
The instrument (F igure 5) consists of a U-shaped 
rod (3/32 soft binding wire ) fixed rigidly in a medium sized 
cork (No. 7). For use with frogs five to ten centimeters in 
body length, the U-rod should extend four centimeters from 
the cork . The parallel arms are one centimeter apart. The 
point of the device (curved portion) is bevelled to provide 
easy insertion . Ordinary rust-proof coat hanger wire makes 
a satisfactory U-rod. 
To use the device, the frog is held in one hand 
head u pright and back against the palm . One foreleg is held 
between the middle and ring fingers, and t h e other foreleg 
is restrained by the base of the thumb, leaving the thumb and 
index finger free. With the other hand the point of the 
instrument is inserted gently between the jaws close to the 
angle, avoiding the tongue. The jaws are forced apart by 
rotating the device ninety degrees on its long axis. The 
base of the instrument is t h en held with the free thumb and 
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index finger of the hand holding the frog. Food may now be 
deposited between the parallel arms of the U-rod , against the 
gullet. If food is forced into the closed gullet, regurgita-
tion will occur. Frogs fed one gram of pork liver three 
times a week do not lose weight or vigor when kept for as 
long as nine months at room temperature. 
When the required period of time ( f rom a few minutes 
to two hundred and sixty-three days) had elapsed, the retro -
lingual membrane wa s exposed, according to the method of 
Pratt and Re id (1930), following the destruction of the brain 
and medulla of the frog (Figures 2, 6 and 7). Physiological 
observations of the blood vessels were then made, using 
unipolar e lectrical stimulation with a microelectrode and 
the direct application of adrenalin with a micropipette. 
Electrical stimulation was accomplished by use of a soft glass -
silver electrode developed by Fulton (1941). The electrode 
was put in position by us i ng an Emerson micromanipulator . 
The current source wa s an Electrodyne stimulator with which 
it was possible to deliver stimuli of varying strength and 
frequency . Strength of stimulus can be varied from ten to 
two hundred and fifty volts. Usually a frequency of fifty 
per second was used and occasionally single shocks were tried . 
It was found that voltage is more important than frequency. 
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Adrenalin was administered by means of a micro-
pipette attac hed to the microinject ion apparatus of the 
Emerson nlicromanipulator. Dilutions of Parke-Davis adrenalin 
of 1:4xlo6 to l:lxl03 were used as t h e situation seemed to 
warrant. The adrenalin was colored by the addition of small 
quantities of methylene blue. 
HI STOLOGICAL PREPARATION 
At the conclusion of the physiolog ical testing, 
the retrolingual membranes were prepared for histolog ical 
study by a modified Ehrlich's method, as follows. 
First the animal was perfused through the heart 
with Ringer's solution under 130 centimeters pressure, the 
abdominal veins h a v ing been cut. When the tongue was completely 
blanched it was pinned out and the membrane c l eared of debris 
as much as possible. The tongue was then cut free of t h e 
animal and p inned over a hole in a layer of paraffin in a 
Syra cus e watch g lass. It was covered with Ringer's solution 
to wh ich 3 drop s of 0.5 per cent methylene blue (GrUbler) was 
added. The membrane was then observed through the mic rosco pe 
until the nerve plexus was seen to be sta ined. This could take 
anywhere from 1.5 to 2 hours. Once the nerve fibers were 
stained, the methylene blue was washe d off with fresh Ringer 's 
and allowed to stand in air one minute. Following this it 
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was flooded with saturated ammonium picrate solution and 
was allowed to stand at least twenty-four hours. Mucous 
material could then be aspirated from the surface, using a 
medicine pipette. The membrane was t h en trimmed free of the 
attach ed lingual musculature and was mounted on a slide in a 
solution which consisted of 50 per cent saturated ammonium 
picrate solution and 50 per cent pure glycerine. A cover 
slip was added and after a few days the edges of the cover 
slip were sealed with asphalt paint. 
Properly stained slides are reliable for detecting 
persistent nerve elements and suitable for photomicrography . 
Many still pictures were taken for purposes of illustration . 
THE NO RlVIAL RETROLINGUAL liEMBRANE 
The retrolingual membrane is situated on the ventral 
part of the tongue and is the wall of a lymph sac attached 
to the tongue only at its right, left and posterior margins . 
It is not connected to the tongue at all anteriorly, but is 
continuous with the buccal mucosa . It is supplied with blood 
and innervated by branches of the vessels and nerves of the 
tongue which enter it along the lines of attachment. Histo -
log ically it consists of closely applied single epithelial 
layers, of which the inner one is squamous and the outer one 
is cuboidal ciliated. Embedded between them are arterioles, 
capillaries, venules and branched skeletal muscle fibers, as 
well as normal connective tissue components (Figures 7 and 10) . 
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The innervation occurs through myelinated nerve 
bundles which branch to both the skeletal muscle fibers and 
t h e blood vessels and the "unmye l inated'' perivascular nerve 
network. This p lexus consists of a primary wide meshed 
network throughout the membrane , a secondary plexus of 
smaller mesh which accompanies the blood ves s els more closely 
and a tertiary plexus of exceedingly small mesh which adheres 
closely to the vessel walls. Each plexus arises from the 
next larger (Figures 8 and 9). I have not demonstrated nerve 
endings in the smooth musculature of the arterioles. Nuclei 
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of the Schwannian s h eath cells are seen at frequent, irregular 
intervals along the fibers of the primary and secondary plexuses, 
particularly at bifurcations. 
RESULTS 
The results reported here are from observations of 
more than one hundred frogs exclusive of normal controls. 
Although over three hundred frogs were denervated in the 
course of this investigation, many died before it was possible 
to study them, while the observations on others were discarded 
as invalid because the animals were found to be diseased. 
Since degeneration proceeds at different rates in 
different frogs, it is impossible to make clear-cut state-
ments to the effect that this or that reaction occurs so many 
days following transection of the nerve trunks. Neverthe less, 
a gen eral pattern of events was observed. Initially there 
is a vasodilation of all denervated vessels which lasts 
t wo or t h r e e days. The vessels then rap idly r ega in tone and 
remain that way for varying periods from twenty to forty-
five days, there being much individual variation. Ultimately 
there is pe r manent vasodilation due to the degeneration of 
the smooth muscle e lements in the arteriolar wall. A more 
detailed presentation of these events is attemp ted below. 
THE DEGENERATION OF THE P:8R I VAS CULAH NERVE PLEXUS 
Degeneration seeme d to begin between the second and 
sixth day following division. The Schwannian nuclei disap-
pe ared first and then the fibers, which had undergone a 
process like pyknosis, broke down . It appeared tha t almost 
the entire plexus degenerated at the same time . Certainly 
by the tenth day the plexus was abnormal, being grea tly 
reduc e d in _amount, and the remaining fibers h ad lost their 
Schwannian nuclei, or at least a r e duction in numbers of the 
Schwannian nuclei was apparent. Function was lost by the 
second day. From the fifteenth day to the one hundred and 
sixty-first day there were only a few animals which showed 
the p resence of f ibers, and these were definitely degenerating . 
In t he few cases where nerve fibers we re thought to b e visible, 
physiolog ical testing showed them to be non-functional. 
F i gure 10 is a photomicrograph of the normal nerve 
plexus showing t wo types of Schwannian nuclei. One is the 
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type which occurs at dichotomies in the fibers and the other 
is the type which occurs along the length of a single fiber. 
Compare this with Figure 11 photographed in an animal which 
had been denervated ten days previously . The Schwannian nuclei 
here had already lost their normal characteristic of staining 
more deeply than the nerve fiber. By the eleventhday it wa s 
difficult to demonstrate any nuclei on the plexus. Figure 12 
shows only two nuclei in a large field. A perusal of the 
photomicrographs following these will show there was no nerve 
plexus left on the arterioles after the eleventh day. 
It will be recalled that both ~ugling (1908) and 
Woollard (1926) reported spindle-shaped cells with processes . 
hugling took them to be the remains of the degenerated network; 
whi l e V!Joollar(j. spoke of them as being wrapped around the fibers 
of the nerve plexus. In this study such cells have been seen 
occasionally in preparations where the nerve plexus had degen-
erated (Figures 13 and 14) but not in normal ones. In view of 
the early disappearance of the Schwam~ian nuclei and the fact 
that only bipolar cells have been seen (while many Schwannian 
nuclei are tripolar) the original impression that these cells 
were persistent Schwannian sheath cells has been discarded. 
The partially denervated animals exhibited no degeneration of 
the perivas cu l ar nerve plexus. The reactions of the blood 
vessels and the histological preparat ions of these membranes 
were normal in every particular. 
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THE DEGENERAT I ON OF THE SMOOTH MUSCLE 
Fulton and Lutz (1942) established that an adequate 
electrical stimulus to the perivascular nerves would result 
in a diphasic response - dilation followed by contraction. 
This does not occur in the denervated frog. After the first 
few days (when all vessels are atonic) no dilation was seen. 
The reactions of the arteriolar smooth muscle were abnormal 
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on the fourth day, by which time it was beginning to be difficult 
to find perivascular nerve fibers . Direct stimulation of the 
smo oth muscle had to be strong (30 volts) to elicit complete 
contraction along a considerable length of the vessel. Weaker 
(10 volts) stimuli caused contractions of only short lengths 
of the arteriole . 'l1his condition continued up to approximately 
the thirtieth day, after which there was no generalized con-
traction at any strength of stimulus. During this period the 
localized segments which contract became narrower and narrower, 
(Sequences I and II). The observations made toward the end 
of this time indicated that the individual smooth muscle cells 
in vivo were smaller. In some cases little more than the nucleus 
appeared to remain. When ·one of these attenuated cells was 
stimulated directly , . the shortest segments contracted (Sequence 
III). Precapillary sphincte rs remained functional longer than 
the ordinary smooth musculature, alth ough all of the smooth 
muscle showed lat ency incre a s e d to as much as two seconds and 
longer recovery time (up to five seconds) at this stage. There 
was also a much greater susceptibility to injury. In some 
cases even a very weak stimulus injured the smooth muscle so 
that, following contraction, there was an irreversible dilation 
at the point of stimulation, occasionally with the accumulation 
of white blood c e lls. By the seventieth day there was no 
contrac tion at any strength of e lectrical stimulation. 'I'he 
arterioles a ppeared qu ite distended and the flow was rapid. 
In some cases t h is happened much sooner (Sequence IV). No 
arter iolar smooth muscle was visible in animals seventy and 
eighty days following denervation . 
Study of the slides prepared after the frogs had 
been examined physiolog ically revealed histolog ical c hange s 
which could be roughly correlated with t he functional state 
of the arterioles. Figures 15 and 16 were photographed in 
a nor mal retrolingual membrane and are included to serve as 
a basis for comparison with the denervated retrolingual 
membrane. 
The normal s mooth muscle is seen to consist of 
regular, fairly long and narrow cells with deep staining 
spindle-shaped nuclei. The c e lls and their nuclei are 
arranged circularly at right angles to t he length of the 
arteriole. There does not seem to be any special arrangement 
of the nuclei with respect to each other. In general, the 
cells are crowded together on the arteriole. After the 
capillary origin is passed, smooth muscle cells are rare and 
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isolated. Adventitial pericytes are easily differentiated 
in stained preparations since their nuclei are arranged 
longitudinally with the vessel. Figure 16 shows a single 
smooth muscle cell nucleus at the point of branching of a 
capillary. The other nuclei are non-muscular pericytes. 
In the denervated membrane the arteriolar smooth 
muscle cells have begun to swell and change their orientation 
by the eleventh day (Figures 17 and 18). The nuclei lose 
their distinctness and the cell proce sses are seen in few 
cases (Figure 19). By thirteen days the change is even more 
striking (Figure 20). The process seems to slow down following 
this, for at thirty-six days cells are still present although 
they are g reatly rounded up and seem more like adventitial 
cells save for their greater numbers and frequency {Figure 21). 
The outlin es of the cells are indistinct by forty-one days 
(Figure 22) , and t here is much more space between cells 
(Figure 23) . This is most likely the result of the atrophy 
of some of the cells. In one fortuitous preparation, forty-
four days following denervation, what appeared to be the 
nghostsu of some smooth muscle cells are visible between and 
parallel to other cells which are in fair condition (Figure 24). 
The classical picture of degenerating vacuolated cells is 
apparent in Figure 25, which was found in an animal fifty-two 
day s after de~vation. F inally no smooth muscle cells can be 
found on the arterioles (F igure 26 ). At this stag e the only 
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PLATE I 
Typical Arteriolar Pattern in Normal and Degenerating 
Arterioles. Angles of branches are always less than 90°. 
Direction of flow indic ated by arrow. The unbranched 
part of the arteriole (near arrow) is proportionally three 
or four times the leng th indicated here . Free h and 
drawing s from s lides. Original magnification 200X . 
way one can recognize an arteriole is by the pattern of the 
distended vessels (Plate I). 
An extremely unusual case was found in one animal 
fourteen days after denervation. The proximal part of an 
arteriole (Figure 27) had completely lost its smooth muscle 
while the distal parts (Figures 28, 29 and 30) still retained 
some cells. In fact, cell processes are still visible in the 
photograph of the most distal part (Figure 30). There does 
not seem to be any log ical explanation for this anomalous 
occurrence. 
The correlation spoken of above is as follows: As 
the cells s we ll up and lose their orientation their threshold 
rises and their latent period and recovery time lengthen. As 
mor e and more cells atrophy and disappear the band of con-
striction narrows because fewer cells are stimulated to con-
tract. The ultimate irreversible vasodilation is due to the 
inability of the cells to contract and finally to the complete 
disappearance of all contractile elements from the arteriolar 
wall. 
THE RESPONSE TO ADRENALIN 
The lowest concentration of topically applied 
adrenalin to which the normal arteriolar smooth muscle would 
respond by contraction is 1:4xlo6 • The arteriolar smooth 
muscle of denervated animals was in general resistant to 
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adrenalin. About the twenty-fifth day the smooth muscle 
contracted and dilated following application l:3xl06 adrenalin. 
In one case, there was partial contraction of a sphincter 
and part of the vessel, following application of 1:2x106 
adrenalin on the thirtieth day. On the thirty-eighth day 
l:3xlo6 adrenalin caused contraction and irreversible damage. 
The smooth muscle did not react to subsequent applications 
of stronger concentrations of adrenalin. From t b e eleventh 
day to the sixtieth day the arteriolar smooth muscle contracted 
to 1:5xl05 adrenalin. On the sixty-fourth day the blood 
vessels reacted with only a transitory contraction at l:5xlo5 
and irreversible contraction at l:5xl04 adrenalin. On the 
eightieth day there was no reaction even to l:lxlo3 • The 
vascular smooth muscle of an one hundred and thirty-two day 
animal contracted to adrenalin 1:2x105 ~ The scanty smooth 
muscle of this preparation did not react to electrical 
stimulation at any strength. 
Supersensitivit y to topically applied adrenalin 
did not occur in the six partially denervated frogs , either. 
In no case did the arterioles respond to a greater dilution 
than l:4xl06 adrenalin. 
THE DEGENERATION OF THE SKELE1fAL MUSCLE 
Skeletal muscle comrnenced to show the effects of 
denervation by the fifth to the eighth day. This was indicated 
by the general fibrillation of t h e entire lingual musculature 
as we ll as t h e i n dividual muscle fibers in the retrolingual 
membrane. Beginning with the twenty-second through the one 
hundred and thirty-second day, the skele tal muscle fibers 
of the retrolingual membrane of some animals g ave little, if 
any, reaction to direct electrical stimulation. The lingual 
skeletal muscle of other fro g s reacted with very small con-
tractions or contracture. Some skeletal fibers fatigued 
very easily, and would not react to a second stimulus. In a 
v e ry fe w animals, skeletal muscle f ibers broke down com-
pletely and were visible only as debris in the membrane 
(Figu r e 31). 
THE DEGENERATION OF THE lVlYELINATED NERVE TRUNKS 
The lingual n erve trunks (the parts of the g losso-
pha ryng eals which accompany t h e lingual arteries and veins 
from tongue root to tip) persist to t h e s i x tieth day, after 
which they g row thinner until by the seventieth day they 
disappear. Electrical stimulation showed t hat these trunks 
were non-functional fifty days before they disappeared. This 
illustrates the dang er of doing de generation or regeneration 
studies on a purely histolog ical basis, for the myelin sheath 
apparently persists long after the function of the nerve has 
disappeared. 
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REGENERATION 
No real regeneration occurred up to two hundred 
and sixty-three day s wh ere the series ended. A few animals 
showed thin, fingerlike outgrowths from the central stumps, 
but t here can be no doubt that up to two hundred and sixty-
three days there was no resumption of function either by the 
nerve or the smooth muscle. The outg rowths which occurred 
did not always follow the blood vessels alone. Some g rew in 
every direction, even into the adjacent musculature . 
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D I - CUSS IO.rT 
I NNERVATION 
One may reasonably raise the question of the 
effectiveness of the denervating procedure used in this 
study. Up to the time of Busch's work (1929) it was believed 
that the perivascul ar nerve plexus wa s functionally as well 
as anatomically continuous throughout the vascular tree. 
The operation of 11 periart e rial syrnpathectomyn was based on 
this premise. It was Busch who showed that stripp ing the 
adventitia (or even the muscularis) in a band around the 
large arteries did not affect the nerve plexus at the 
periphery . Only sectioning the pe riphera l nerves supplying 
a limb wil l affect the perivascular nerve network of that 
l imb. 
Lutz (1942) and Fulton and Lutz (1942) found t hat 
the smooth muscle of the arterioles r e acted in motor units . 
This would not have been apparent if the nerve network were 
conducting throughout all its parts, for then an i mpulse 
could activate all the smooth mus cle. It is obvious that 
such a sys tem woul d destroy any local controlling funct ion 
the nerve net might have. To check this even further, 
several animals were only partially denervated by sectioning 
either the g lossopharynge als or the hypoglossals or one member 
of each pair. _ fter twenty days s uch membranes retained 
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completely normal perivascular nerve nets and arteriolar 
smooth muscle . The same results were forthcoming when only 
one ma in nerve trunk remained intact. 
It is certain, then, that the normal perivascular 
nerve network is physio log ically discontinuous and that 
functional innervation cannot be mainta ined t h rough the net-
work alone. Furthermore, the network does not degenerate 
unless completely isolated from the peripheral nerve supply. 
Th e fact of degeneration per ~ becomes proof of complete 
denervation . 
Ac cording to Fischer (1944 ), Boeke and StBhr are in 
a g re ement that both sympathetic and parasyrnpa thetic fibers 
combine in t h e terminal reticulum. Fischer himself states 
that it is impossible to classify postganglionic unmyelinated 
autonomic fibers as e ither sympathetic or parasympathetic . 
Langworthy (1943) contends that the classical view of 
antag onism of the autonomic d ivisions is exaggerated. 
He reviews evidence to show that the sympath etic system 
alone is capable of mediat ing both constriction and dilation. 
If this were true, it would not be necessary to 
postulate the existence of special dilator fibers. Many 
investig ators (Nicoll and Webb, 1946; Krogh , Harrop and Rehbe r g , 
1922) have been struck with the strong vasodilation which 
occurs upon denervation. Perhaps in the intact animal vaso-
dilation occurs as the result of impulses inhibiting the 
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neuromuscular junction. Impulse s in inhibiting patterns 
(spatial or temporal) could travel the same fibers as the 
activating impulses. Inhibition as the result of spatial 
or temporal summation is common in the c entral nervous 
system . VVhy not in the autonomic? In the denerva ted animal 
vasodilation could be the result of no impulses reaching or 
traversing the neuromuscular junction. If no impulses 
traverse the neuromus cular junction, tonus woul d be lost and 
vasodilation could occur. 
Fulton and Lutz (1942) found that certain n e rves 
reacted to stimulation by causing vasodilation only. 
Poss i bly these ne rve fibe r s were in a stat e such that stim-
ulation produced inhibition at the neuromuscular junction. 
Still another reason for believing that there is only one 
fiber type is that the en tire plexus degenerates at approx-
i mate ly t he s ame rate. This confirms Lang ley (1909) in 
his statement t ha t the axis cylinder dies at the same time 
throughout t h e fiber. 
In discussions of smooth muscle it is ne cessary 
to keep in mind that there are probably several types of 
smooth mus cle. As Evans (1926) points out, some smooth 
muscle such a s tha t of the pupillary muscles and s weat g lands 
is ectodermal in orig in, while other smooth muscle arises in 
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the me soderm. Certainly the muscle of an organ such as the 
uterus, which is composed almost exclusively of smo oth muscle , 
is different from the mus cle of t he arterioles which may be 
only one cell layer thick. Although Evans (1926) reviews a 
number of pape rs, the authors of which believe that the smooth 
mus cle c e lls are connected by intracellular bridges, I have 
seen nothing like such bridges on the arterioles in methylene 
blue stained preparations. 
The shortening leng ths of arteriole which react 
to direct e lectrical stimulation during degeneration suggest 
that the c ells lose their ability to transmit excitation to 
any distance. Probably this is a simple density factor; 
the fewer the cells and the g reat er the distance between 
them, the shorter the segment which can be stimulated to 
contract. 
~ hen no cells are present, contraction does not 
occur. The bare endothelial tube did not constrict following 
stimulation . The spread of contraction in one direction may 
tra vel much further than in the opposite direction. This 
simply means that the muscular coat extends f ur ther in one 
direction that in the other. This condition of the extent of 
smooth muscle and spread of contraction has been seen many 
times. 
The smooth muscle of the arterioles did not become 
supersensitive to topically applied adrenalin following de-
nervation. The lowest concentration at which normal prepar-
ations reacted to adrenalin was 1:4xlo6 • Few denervated 
vessels would react to 1:3xlo6 or even 1:2x106 • Perhaps the 
reported supersensitivity of denervated smooth muscle to 
adrenalin is dependent upon intravenous administration . If 
this is true, adrenalin may possibly be an intermediate 
agent which cause s the production or release of another sub-
stance to which the smooth muscle reacts in a supersensit ive 
manner • . 
Another possibility is that the frog which is a 
low blood pressure animal does not react to adrenalin as 
strongly as more complex animals do. Six normal animals 
injected with as much as 0.2 centimeters of 1:103 adrenalin 
every second day for two weeks did not show hyperexcitability. 
One of these animals responded with hyperemia of the skin . 
vessels of a ll the limbs and abdomen . No other symptoms 
were observed . Whatever the reason, there is certainly no 
supersensitivity to topically applied adrenalin . 
RELATIONS TO SYMPATHECTOMY 
If one could assume that the denervation of the 
tongue (which is in effect a postganglionic sympathectomy) 
is comparable to mammalian sympathectomies, then some i nter-
esting speculations are possible. The present investigation 
indicates tha t complete interruption of the nerve supply to 
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a particular area will result in degeneration of the peri-
vascular nerve plexus and consequently the arteriolar smooth 
muscle of that area will degenerate . This may explain the 
drop in blood pressure observed in lower limb sympathectomies 
for there is considerable reduction in peripheral resistance 
concomitant wi t h an increase in the limb arteriolar blood 
reservoir. These results may be explained by the loss of 
contractile elements on the arterioles with the consequent 
increase of the arteriolar diameter. No attempt was made to 
observe the blood pressure in this work. Probably the de-
nervated tongue is too small an organ to cause a lowering of 
blood pressure . 
In cases where the blood pressure b egins to increase 
a f ew years after sympathectomy, the rise may be due to 
regeneration of the nerve supply and the arteriolar smooth 
mus cle or the smooth muscle alone. Clark and Clark (1935) 
observed that contraction of regenerated arteriolar smooth 
mus cle did not occur until innervation had been re-established. 
If the smooth muscle alone r egenerates, it could conceivably 
be maintained in a tonic state by circulating hormonal factors . 
Two hundred and sixty-three days after denervation 
in the frog the main nerve trunks had regenerated only two 
to three millimeters. On this basis it would be years before 
full functional regeneration would be complete. 
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CONCLUSIONS 
Transection of the main nerve trunks supplying 
the tOngue results in loss of function and degeneration of 
the perivascular nerve network in the retrolingual membrane 
of the frog. The nerves lose their ability to function 
within two days. By the eleventh day no nerve fibers are 
found in the membrane. The fibers do not disappear until 
the Schwannian nuclei are almost entire ly degenerated. 
The arteriolar smooth muscle degenerates after 
the degeneration of the perivascular nerve plexus. There 
is a progressive atrophy of arteriolar smooth musc le as well 
as increasing dysfunction. The diphasic response (dilator 
phase) is lost fi rst. The muscle also loses its s yncytial 
nature, since shorter and shorter segments of the arterioles 
respond to electrical stimuli. Ev entually there remain only 
a few autonomous attenuated muscle cells. Finally these 
degenerate, leaving only a naked distended endothelial tube 
carrying the blood. The arteriole, as a result of the degen-
eration of its muscular coat,would be mistaken for a capillary 
except for its relative posit ion in the circulatory pattern, 
and its larger diameter and rapid flow. During the pe riod of 
degeneration, the s mooth muscle shows no supersensitivity to 
adrenalin . The smooth muscle is not as sensitive to adrenalin 
as normal muscle . The smooth muscle of the precapillary 
sphincters resists degeneration a little longer than the 
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ordinary arteriolar smooth muscle . The time of disappearance 
of response to any strength of adrenalin corresponds roughly 
to the time when all smooth muscle is lost on the arterioles. 
In partially denervated retrolingual membranes 
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the perivascular nerve network did not degenerate; the arterioles 
reacted normally; and t he re was no evidence of supersensitivity 
· to adrenalin. 
Skeletal muscle fibers of the membrane became 
abnormal, showing first, fibrillation and then greatly 
increase d latent periods, very small contractions, contracture, 
and in a few cases complete refractivity and finally, degener-
ation. 
The perivascular nerve net degenerates long before 
(fifty days ) the myelinated portion of the distal stump of 
the main nerve trunks disappears. Nervous function is lost 
long before the nerve disappears in histological preparations. 
The proximal stwnp begins to regenerate, but, in nine months 
only two to four millimeters of new nerve are formed. 
SUMlvlARY 
The perivascular nerves in the retrolingual membrane 
of Rana pipiens were caused to degenerate by sectioning the 
glossopharyngeal and hypoglossal nerves. The retrolingual 
membranes were exposed at intervals varying from zero to two 
hundred and sixty-three days following denervation and ob-
served through the microscope. The function of the plexus 
and smooth muscle was determined by electrical stimulation 
and reaction to adrenalin during the process of degeneration. 
By means of a side arm it was possible to make a motion 
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picture record simultaneously with visual observation. 
Microelectrodes and micropipettes were used to stimulate and 
administer adrenalin to perivascular nerves and the arterioles . 
This is the first investigation in which the 
physiolog ical and morphological phenomena resulting from t h e 
degeneration of the perivascular nerve net have been cor-
related at the microscopic level. The most important con-
clusions of this study are as follows: 
1. The arteriolar smooth muscle comraences progressive 
degeneration soon after the perivascular plexus 
begins to degenerate. 
2. The atrophy of the smooth muscle is accompanied by 
progressive dysfunction . 
a. The dilator phase of the diphasic response is 
first to be lost. 
b. The functional syncytial property of the 
smooth muscle disappears, since increasingly 
shorter segments of the arteriole contract 
upon direct electrical stimulation. 
3. The entire art;eriolar musculature disappears in 
seventy to eighty days, leaving a naked endothelial 
tube clearly distinguishable as an arteriole only 
by its position in the circulatory pattern and 
by its larger diameter and rapid flow. 
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4. The arteriolar smooth muscle does not become 
supersensitive to adrenalin while it is degenerating. 
In fact, it is less sensitive t han the normal 
arteriolar smooth muscle . 
5. The time of disappearance of response to adrenalin 
corresponds roughly to the time of t h e disappearance 
of the smooth muscle itself. 
6. The perivascular nerve network becomes non-functional 
within two days following complete denervation. 
7. By the eleventh day t he perivascular nerve plexus 
is completely degenerated in nearly every case. 
8. The nerve plexus is non-functional long before 
histolog ical evidence of it disappears. 
9. The unmyelinated perivascular nerve net degenerates 
fifty days before t he myelinated part of t h e distal 
stump of the main nerve trunk can no longer be seen 
upon gross observation. 
10. Skeletal m~scle fibers of the retrolingual membrane 
degenerate following the denervation. 
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ABSTRACT 
The literature on degenerative studies of t he un-
myelinated perivascul ar nerve p l exus combined with histological 
examination is quite sparse . Tucket t (1895 -1896) found that 
upon section of the branches of the superior cervical ganglion 
in the ox and rabbit h istolog ical and physiological changes 
began within twenty-four hours. At forty-three hours the 
irritability and conductivity of the peripheral stump were 
lost and the Remak fibers were degenerating . He believed 
tha t t he emak fib e r had a sheath with a nucleus and t hat the 
nc ore tt was homogenous and not composed of many fibrillae . In 
1906 Lap insky investigated t h e e ffects of denervation in 
t h e h i n d paw of the dog . The immediate effect was an increase 
in blood flow and vasodilation following denervation. The 
smoo t h muscle coat on the large arteries separated into 
individual cells and t heir nuclei swelled up and dis i ntegrated . 
He was not able to find smoo th muscle cells on the smaller 
arterie s. He described the denervated arteries as losing 
tonus a n d being more fragile t h an normal. A somewhat more 
ext en s ive study of the rabbit ear and the frog mesentery was 
published by ~ugling (1908). Fifteen to sixteen days after 
denervation he found spindle-shaped nuclei with processes 
near the blood vessels. He believed that these were part of 
the degenerated nerve plexus. S ince the nerve plexus had 
degenerated, Eugling did not think that these nuclei were 
ganglion-like though he did believe that they were part of 
the nervous system. Langley studied the effects of cutting 
the frog sciatic nerve and t he nervus descendens co~nunis 
in 1909. He reported that degeneration began in fourteen 
days and that the nerves disappeared in forty-two days. 
He believed t ha t the axis cylinder lost its function through-
out its whole length at about the same time. The sympathetic 
g anglia supplying the hind limbs of t h e cat were extirpated 
by Woollard (1926). He found no evi6ence fo r any nneural 
me chan ism which survived proximal denervation". He also 
described the large bran ching spindle-shaped cells which 
persist af te r the degeneration of the nerve network. He 
t hought t ha t these cells were simply entwined wi th the nerve 
plexus proper . In 1 929 Busch published on the problem of 
the innervation of the blood vessels and found no real histo-
logical differences among the frog, the guinea pig, the rabbit 
and man. According to Bus ch bloo~ vessels, t h e sympathetic 
nerves of which had degenerated, did not completely regain 
tone up to ninety days following denervation. He considered 
the perivascular plexus to be sympathet ic in nature . It was 
not poss ible for him to demonstrate autonomic ganglion cells 
in the limbs, and he bel i eved that they were found only in 
the viscera . He obtained local contractions only, when stim-
ulating vessels the nerve plexus of which had de g enerated. 
In the present investigation the transilluminated 
denervated retrolingual membranes of living frogs, Rana 
pipiens, were obse rved directly through the microscope and 
simultaneously photographed with a motion picture camera by 
means of a light-splitting prism. Denervation was accomplished 
by sectioning the g lossopharyngeal and hypoglossal nerve 
trunks. Th e an i mals were mainta ined at room temperature and 
fed one gram of hog liver three times weekly. When the re-
quired period of time (zero to two hundred and sixty-three 
days) had elapsed the retrolingual membrane was exposed 
according to the me thod of Pratt and Re id (1930 ), as modified 
by Fulton and Lutz (1942). Phys i olog ical observations were 
then made using unipolar electrical stimulation with an 
especially developed micro-elec trode (Fulton, 1 941) and a 
micromanipulator. Adrenalin was administered by means of 
the microinjection apparatus of the Bmerson micromanipulator. 
Dilutions of Parke-Davis adrenalin of 1:4xl06 to 1 : 1x103 were 
used. At the conclusion of the physiological testing the 
retro l ingual me nillranes were prepared fo r histological study 
by a modified Ehrlich 's me thod (Busch, 1929). 
The normal retrolingual membrane is situated on 
the ventral part of the tongue and is the wall of a lymph sac. 
It is attached only at the margins , excepting the anterior 
margin whe re it is continuous with the buccal mucosa . It is 
supplied with blood and innervated b~ branches of the vessels 
and nerves of the tongue which enter it along the lines of 
attachment. It consists of one inner squamous epithelial 
and one outer cuboidal ciliated epithelial layer. Emb edded 
between them are arterioles, capillaries, venules and branched 
skeletal muscle fibers as well as normal connective tissue 
components. The membrane is 0.5 to l millimeter in thickness. 
The innervation occurs through myelinated nerve bundles and 
the unmyelinated perivascular nerve network of the blood 
vessels. This nerve network consists of primary, secondary 
and tertiary plexuses, each of which is finer and arises from 
the pre ceding plexus. Ne rve endings in the smooth musculature 
of t h e arterioles have not been demonstrated in this study. 
The following conclusions hav e resu lted from this 
study. The perivascular nerve network becomes non-functional 
within two days following complete denervation. By the 
e l eventh day the perivascular nerve plexus is completely 
degenerated in nearly every case. The arteriolar smooth 
muscle commences to degenerate progres s ively soon after the 
perivascular plexus becomes non-functional. The atrophy of 
the smooth muscle is accompanied by progressive dysfunction. 
The dilator phas e of the diphasic response is lost first. 
The functional syncytial property of the smooth muscle dis-
appears, since increasingly shorter segments of the arteriole 
contract upon direct electrical stimulation. The entire 
arteriolar musculature disappears in seventy to eighty days, 
leaving a naked endothelial tube clearly distin.guishable as 
an arteriole by its position in the circulatory pattern and 
its larger diameter and rapid flow. ¥hile it is degenerating 
the arteriolar smooth muscle does not become supersensitive 
to adrenalin. In fact, it is less sensitive than the normal 
arteriolar smooth muscle. The time of disappearance of 
response to adrenalin corresponds roughly to the time of the 
disappearance of the smooth muscle itself. Skeletal muscle 
fibers of the retrolingual membrane degenerate following the 
denervation. The nerve plexus is non-flmctional long before 
it disappears in the h istolog ical preparations. The un-
myelinated perivascular nerve net de g enerates approximate ly 
six weeks before the myelinated part of the distal stump 
of the main nerve trunk. 
There is no doubt that complete denervation and 
degeneration of the perivascular nerve plexus occurs. Busch 
(1929) proved that sectioning of the peripheral nerves 
supplying a limb will cause degeneration of the perivascular 
nerve plexus of t h at limb while periarterial sympathectomy 
did not effect the plexus. Lutz (1942) and Fulton and Lutz 
(1942) found t ha t the smooth muscle of the art e rioles 
reacted in motor units. Although the periva scular nerve 
plexus is anatomically cont inuous throughout the vascular 
tree, it is physiolog ically discontinuous. If the nerve plexus 
were not physiolog ica lly discontinuous, it would be impossible 
for the motor unit to exist. It was found in this study 
that if all of the main nerve supply was sectioned, degen-
eration of the perivascular nerve plexus would occur, 
regardless of the intact periarterial nerve plexus on the 
major vessels supplying the tongue. 
In discussions of smooth muscle it is necessary 
to keep in mind that there are probably several types of 
smooth muscle. Evans (1926) points out that some smooth 
muscle is ectodermal in origin while other smooth muscle 
arises in the mesoderm. Although some author~ speak of 
intercellular bridges I have seen nothing like such bridges 
on the arteriole in methylene blue stained preparations. 
The cells lie close enough together, however, for a wave of 
excitation to pass from one to the other. There are spaces 
between the cells at irregular intervals . Perhaps these 
spaces are the limits of the smooth muscle motor units 
observed by Fulton and Lutz (1942). 
If one could assume that the denervation of the 
tongue (which is in effect a postganglionic sympathectomy) 
is comparable to mammalian sympathectomy, some interesting 
speculations are possible. The present investigation 
indicates that complete interruption of the nerve supply 
to a particular area will result in degeneration of the peri-
vascular nerve plexus and consequently the arteriolar smooth 
muscle of that area will degenerate. This explains the drop 
i n blood pressure observed in lower limb sympathectomies, for 
there is considerable reduction in peripheral resistance 
concomitant with an increase in the limb arteriolar blood 
reservoir. These results may be explained by the loss of 
contractile elements on the arterioles with the consequent 
increase of the arteriolar diameter. No attempt was made 
to observe the frog blood pressure in this work. Probably 
the denervated tongue is too small an organ to cause a 
lowering of blood pressure. 
In cas es where the blood pressure begins to in-
crease a few years after sympathectomy, the rise may be due 
to regeneration of the nerve supply and the arteriolar smooth 
musc l e or the smooth muscle alone. Clark and Clark (1935) 
observed that contraction of regenerated arteriolar smooth 
mus cle did not occur until innervation had been re-established. 
If the smooth muscle alone regenerates, it could conceivably 
be maintained in a tonic state by circulating hormonal factors. 
Two hundred and sixty-three days after denervation 
in the frog the main nerve trunks had regenerated only two to 
three millimeters. On this basis it Would be ye ars before 
full functional regeneration would be complete. 
FIGURE 1 - Observation Unit. Arrangement for studying 
and recording observations on the retrolingual membrane. 
Left to right, stimulator, mi cromanipulator (under 
operator's hand), microelectrode, microscope with beam-
splitter, camera with cable release (on tripod). On 
t h e stage of the microscope may be seen the stainless 
steel Petri dish with the frog. The frog's tongue is 
pinned out over an o p tical glass window in t h e Petri 
dish. In t h e foregound are the lamp, the camera-
focusing device, and a spare film magazine. 
FIGURE 2 - Preparation Unit. Used for exposing the 
retrolingual membrane and denervating the tongue. 
Figure 1 
Figure 2 
FIGURE 3 - Exposure of Right Glossopharyngeal Ne rve 
Prior to Gutting It. The whitish nerve is not visible 
because it does not contrast with the light background. 
The lower jaws are secured by bent pins which do not 
pierce the flesh. The.upper jaw is he l d by a glass 
hook which is attached to the cord which is tightened 
through a friction device in the cork at the upper 
right. 
FIGURE 4 - Exposure of Ri ght Hypoglossal Ne rve Prior 
to Gutting It. The wl1itish nerve does not contrast 
with the white skin. Actually it is hanging from the 
tip of the forceps to the two ends of the incision. 
Figure 3 
Figure 4 
FIGURE 5 - Apparatus for Fe eding Frogs. Description in 
text page 22. 
FIGURE 6- Frog's Tongue at Conclusion of Exposure of 
the Retrolingual Membrane. Membrane is visible in the 
cleared area in the middle of the tongue. 
Figure 5 
Figure 6 
FIGURE 7 - Typical Retrolingual Membrane Seen Under 
Microscope . Arterioles and branched skeletal muscle 
fibers show very well. IVIethylene blue stain. X 200. 
FIGURE 8 - Fibers of the Norma l Primary and Secondary 
Plexuses of Perivascular Network on Capillary. Note 
supplying unmyelinated nerve entering from the right. 
Double exposure. Methylene blue stain. Original 
magnif ication 200X. (Courtesy Lutz, Fulton and Akers, 
1950) 
Figure 7 
Figure 8 
FIGURE 9 - Norma l Se condary and Tertiary Plexu s on a 
Capillary. Me thylene b l ue stain. Double exposure . 
Original magnification 200X. (Courtesy Lutz, Fulton and 
Akers, 1950) 
F I GURE 10 - Norma l Ne rve Network. Note the t wo types 
of Schwannian nuclei, linear and bifurcat i ng . Wider 
forked structure is branching ske letal muscle fiber. 
Occasionally the muscle fibers are thin enough to be 
mist aken for t he unmyelinated f ibers. Methylene blue 
stain . 200X. 
Figure 9 
Figure 10 
FIGURE ll - Branching Fiber of Primary Plexus. Ten days 
following denervation. Nuclei of Schwannian sheath 
are faintly staining . Nerve non-functional. Smooth 
muscle of t h is preparation yielded only local contraction. 
Methylene blue stain. 440X. 
F1IGURE 12 - Primary and Secondary Plexus Near Capillary . 
Note abnormal Schwann sheath nuclei at points of 
branching. Eleven days following denervation. Methylene 
blue stain. 440X. 
Figure 11 
Figure 12 
FIGURE 13 - Spindle-shaped Bipolar Cell. Visible 
only in degenerated preparations . Eleven days following 
denervation. Same site as Figure 19. Methylene blue 
stain. 970X. 
FIGURE 14 - Swollen Disoriented Smooth Muscle Nuclei . 
Forty-three days following denervation. Note spindle-
shaped bipolar cell to left of vessel. Strong stimulus 
caused general contraction in this preparation . Methy-
lene blue stain. 970X. 
Figure 13 
Figure 14 
FIGURE 15 - Smooth Muscle Cells on Arteriole. Normal 
preparation. Note nuclei and contiguity of cells . 
Ne r ve fibers are out of focus. Methylene blue stain. 
970X. 
F'IGURE 16 - Branching Cap illary. Same normal pre paration. 
Dark staining nuclei of adventitial pericytes are 
oriented long itudinally with vessel. Note lack of 
processes. Random nerve fibers present. Methy lene 
blue stain. 440X. 
Figure 15 
Figure 16 
FIGURE 17 - Degenerating Smooth lVluscle Cells. Eleven 
days following denervation. Focused on remnants of 
cell processes . Note swollen nuclei. Nerve plexus 
completely degenerated . Methylene blue stain. 970X. 
FIGURE 18 - Same as Figure 17. Focused normally to 
show orientation. Methylene blue stain. 970X. 
Figure 17 
Figure 18 
Figure 19 - Degenerating Smooth Mus cle Cells on Arteriole . 
Eleven days following denervation. Cell processes disinte -
grated. Abnormal nuclei changing from normal orienta-
tion a t right angles to vessel. Nerve plexus degenerated. 
Me thylene blue stain. 970X . 
Figure 20 - wo llen, Disoriented Smooth Iifluscle Cell 
Nuclei on Arteriole . Thirteen days following denervation. 
Processes disintegrated. Me thylene blue stain. 970X . 
Figure 19 
Figure 20 
FIGURE 21 - Nuclei Rounding Up. Thirty-six days following 
denervation. No s mooth muscle cell pr ocesses. No 
nerve present. Reactions slugg ish. Methylene blue stain. 
970X. 
F I GURE 22 - Degenerating Smooth Muscle Cells. Forty-
one days f ollowing denervation. Note indistinct cell 
outlines. Methy lene blue stain. 970X. 
Figure 21 
Figure 22 
F I GURE 23 - Degenerating Smooth Muscle Cells. F'orty-
three days following denervation. Note increasing 
distance between cells. Methylene blue stain. 970X. 
F I GURE 24 - Functional Smooth Muscle Cells. Forty-
four days following denervation. Note pre sence of a 
few cell processes. No nerve fibers could be found in 
this preparation. Reason for persistent function of 
t h ese cells is a mystery. Constriction only. Methylene 
blue stain. 970X. 
Figure 23 
Figure 24 
FIGURE 25 - Vacuolated Degenerating Smooth Muscle Cells. 
Fifty-two days following denervation. Cells are com-
pletely disoriented. Methylene blue stain. 970X. 
FIGURE 26 - Branching Arteriole Completely Denuded Of 
Smooth Muscle. One-hundred thirty-three days following 
denervation. Diagnosis of type of vessel could only 
be made by carefully studying the circulatory pattern. 
Dark bodies are probably connective tissue cells. 
Methylene blue stain. 970X. 
Figure 25 
Figure 26 
FIGURES 27, 28, 29 and 30- Degenerating Smooth Muscle. 
Cells found in the middle of a length of arteriole which 
had comple tely l o st its muscular coat (except at this 
point) in sixteen days . No nerve present . Methylene 
blue stain. 970X. 
FIGURE 27 - Arteriolar endothelial wall completely free 
of any investment. Note longitudinally banded appearance. 
Letters A, B, C, D, E and F indicate direction of flow 
in the arteriole . Successive l etters indicate which 
ends of each segment should be apposed to visualize 
the vessel as a whole. 
FIGURE 28 - Distal to Figure 27 vessel branches. 
Nuclei becoming visib l e . 
A 
Figure 27 
B 
Figure 28 
F'IGURE 29 - More s wollen nuclei visible. Distal to 
Figure 28. 
FIGURE 30 - More of same. Few cell processes visible. 
Distal to Figure 29. 
D 
E 
Figure 29 
Figure 30 
FIGURE 31 - Degenerated Skeletal Muscle F ibers. Ninety-
two days following degeneration. Fibers are hardly 
recognizable. Methylene blue stain. 970X. 
Figure 31 
SEQ.UENCE I 
GENER~L CONTRACTION 
Cinephotomicrographs made during direct 
electrical stimulation of an arteriole wall. Tongue 
denervated thirty-six days previously. No vasodilation. 
X 600. 
A. Just before stimulation. 
B. Stimulation (bubbles) and more or less 
general contraction. 
C. Recovery (bubble not yet dissolved). 
A 
B 
G 
SEY,UENCE II 
LOCAL CONTRACTION 
Cinephotomicrographs made during direct 
stimulation of an arteriole wall . Tongue denervated 
thirty-six days previously. This is the same subject 
as Sequence I but another part of the field where 
degeneration had apparently progressed further. No 
vasodilation. X 600. 
A. Just before stimulation. 
B. Loc al contraction which is much narrower 
than that obtained in Sequence IB. 
C. Partial recovery. 
A 
B 
c 
SEQUENCE III 
EXTREME LOCAL CONTRACTION 
Cinephotomicrographs made during direct 
stimulation of an arteriole wall . Tongue denervated 
forty-three days previously . No vasodilation. 
Electrode out of fo cus. X 1200. 
A. J-ust before stimulation. 
B . Hi ghly localized contraction. 
C. Re covery. 
Note that the wall is so thin t hat muscular 
elements mus t b e sparse. As a result, the arteriole is 
constantly dilated . 
A 
B 
G 
SEQUENCE IV 
NEGLIGIBLE CONTRACTION 
Cinephotomicrographs made during direct 
stimulation of an arteriole wall. Tongue denervated 
eighteen days previously. This is exceptionally early 
for the degenerat ion to have been completed, but careful 
examination proved that this vessel was an arteriole. 
A. Just before stimulation. 
B. Negligible contraction. 
C. "Recovery. n 
A 
8 
G 
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